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extremely low with scores for all age and gender categories below the 5th percentile of healthy individuals and 95% of patients had scores consonant with low fitness. Older age, female gender, diabetes, atherosclerotic disease, and a low level of education were associated with lower activity scores. Ambulatory participants in the CDS reported extremely low PA within all age and sex subgroups compared with the general population. Approximately 95% of patients had scores that corresponded to physical fitness levels below the 20th percentile for the general population. Although numerous correlates of PA were identified in this population, most are not readily modifiable. Thus, risk factor modification is unlikely to ameliorate the problem. Rather, strategies aimed to enhance participation in PA among patients on dialysis, such as education, counseling, and physical therapy, have the potential to improve fitness and self-reported functioning and should be tested prospectively.
The DOPPS study provides the first description of international patterns of exercise frequency and its association with exercise programs and clinical outcomes [13] . Exercise levels varied widely across the 12 DOPPS countries and across dialysis facilities within countries. Overall, 47 .4% of participants were classified as regular exercisers, defined here as exercise equal to or more than once/week. Exercise performed once or less than once/ week was reported by 54% in the USA. Even lower exercise rates were recently reported in the United States Renal Data System Comprehensive Dialysis Study: 38% of men and 22% of women aged <65 years reported walking frequently for exercise [14] . As expected, regular exercise was positively associated with ability to walk and lower BMI, and inversely associated with older age and several comorbidities. Regular exercise was also associated with better sleep quality, less severe bodily pain and better appetite [13] . In agreement with previous studies, high comorbidity burden was related to poor physical functioning, low exercise capacity and muscle wasting, so it need to be stated as a major determinant of the sedentary lifestyle of many haemodialysis patients. The DOPPS study also confirmed that mortality risk is lower for patients reporting to exercise only once a week, compared to patients exercising less than once weekly or never; and that, despite the possible benefits of exercising just once weekly, mortality risk decreased as exercise frequency increased, i.e. that the association of exercise frequency with longer survival may be dose dependent. In fact, lower mortality rates were observed in subjects who exercised daily and performing greater exercise frequency, suggesting that while any (at least once weekly) exercise is better than none, the more exercise the better [13] .
Padilla et al showed that physical performance, as measured by peak oxygen consumption, 6-minute walk test, comfortable and maximal gait speed, and sit to stand test, was reduced compared with normative values among 55 patients with CKD stage 3-4 [15] . In addition, self-reported physical functioning based on the Physical Functioning scale and the Physical Component Summary (PCS) measure of the SF-36 were quite low.
The AASK trial (African American Study of Kidney Disease and Hypertension) studied patients with CKD stage 2-3 about their self-reported functioning [16] . It was found that the SF-36 PCS score was lower among these participants (43.4 ± 10.9) than population norms (50 ± 10) and was also lower among those with lower eGFR. In addition, in univariate and multivariable analysis, the PCS score was significantly higher among those who reported that they currently exercise than those who did not exercise. AASK participants reported worse physical functioning than hypertensive African Americans without CKD, but better functioning than hemodialysis patients from the HEMO study [16] .
Nowadays it is quite clear that at least some aspects of physical functioning are impaired even in early stages of CKD, although the extent to which these impairments among patients with CKD are independent of age, comorbidity and PI is unclear. These factors may also mediate physical dysfunction among patients with more advanced stages of CKD, but limited data suggest that there is CKD-related dysfunction that is independent of age and inactivity. There has been almost no exploration of the potential causes or mechanisms of poor physical functioning among patients with CKD. Uremic toxins, vitamin D deficiency, chronic inflammation, hyperparathyroidism, metabolic acidosis, and anemia are among the possibilities; any or all of these could act to cause muscle wasting and/or altered neuromuscular function.
The loss of muscle mass complicates clinical syndromes and erodes patient quality of life. In patients with CKD, muscle wasting is common; it seems that the common pathway for all the metabolic derangements is related to exaggerated protein degradation relative to protein synthesis. Factors that contribute to net negative protein balance include, but are not limited to, decreased relative nutrient intake, catabolic effects of renal replacement therapies, metabolic derangements such as chronic inflammation and insulin resistance, hormonal abnormalities and concurrent morbid conditions such as frequent hospitalizations, depression, and gastroparesis [17] .
So, it is quite clear that CKD has a profound negative impact on skeletal muscle function and structure leading to muscle atrophy and diminished exercise capacity. Another main factor leading to muscle wasting and sarcopenia in the CKD setting is chronic inflammation. There is now a growing body of evidence to support the notion that circulating markers of systemic inflammation are lower in individuals who regularly engage in physical activity. The CKD population are frequently sedentary and present chronic systemic inflammation; there may be great potential for long-term exercise interventions to shift habitual activity and improve health status [18] .
Patients with CKD are physically inactive, often have difficulties performing activities of daily living and occupational tasks, and report a decreased health-related quality of life (HRQOL) when compared to healthy controls [15] . Exercise capacity, which is predictive of all-cause mortality and cardiovascular mortality in both health and disease, is significantly reduced in both predialysis and dialysis CKD patients. Furthermore, at the initiation of dialysis, sedentary individuals have a 62% higher risk of dying when compared with nonsedentary patients [19] .
Low levels of physical activity are associated with poor functioning in this population [20, 21] , and it is possible that PI contributes to the decline in functioning and frailty that develops over time in this group. Moreover, in general patients who reported less selfreported PA also reported poorer health-related quality of life in both the physical and mental domains, suggesting the possibility that PI could lead to impaired functioning. This possibility is biologically plausible as sedentary behavior can result in reduced physical fitness and thus in poor performance and function in the physical domain. In addition, exercise training has been shown to improve physical functioning among dialysis patients [22] . The association of lower levels of PA with lower self-reported mental health is also consistent with associations observed in the general population [7] , and is potentially important as PA has the potential to relieve symptoms of depression and anxiety and improve mood [23] . Exercise performance is not only reduced in CKD stages 3 to 4 even in the absence of anemia, but exercise performance, measured by oxygen consumption or leg strength, also progressively fell as renal function deteriorated [24] . The likely causes are myriad, although, in this study, intrinsic muscle changes that result in reduced muscle strength and fatigue, and aerobic performance are likely to be dominant. To maintain the well-being and functional capacity of patients with CKD, therefore, attention should be directed toward maintaining strength and aerobic fitness as well as focusing on renal function and anemia [24] .
Although there is no direct evidence that increasing PA can improve functioning or increase survival in the dialysis population, PA is a potentially modifiable risk factor for frailty, debility, and mortality. Hence, PA is distressingly low among CKD and ESRD settings. Thus, strategies to enhance activity in these patients should be explored [11] .
Which kind of exercise?
Evidence from uncontrolled studies and from small randomized controlled trials shows that exercise training results in improved physical performance and functioning among patients with CKD. In addition, although there are no studies examining cardiovascular outcomes, several observations suggest that cardiovascular risk factors such as hypertension, inflammation, and oxidative stress, may be improved with exercise training in this population.
Different kinds of physical activity may be proposed to CKD patients: Aerobic Exercise Training, Resistance Exercise, Combined Resistance and Aerobic Exercise [25] .
In a pilot study it was clearly showed that one year of supervised aerobic exercise training significantly improves physical impairment and arterial stiffness in patients with predialysis CKD [26] . There was a change in VO2peak following 12 months of exercise, comparable to the 17-23% increase shown in other randomized studies, but values were still reduced compared to healthy sedentary populations, suggesting that disease processes may limit the extent to which improvement in VO2peak can occur. As exercise capacity is an independent predictor of mortality in patients with CKD at initiation of dialysis and a 3.5 ml/kg/min improvement in VO2peak is associated with decreased cardiovascular and mortality risk [27] , these VO2peak data suggests that early exercise interventions may reduce cardiovascular risk and improve mortality rates in this population. In the same study a trend toward deterioration in exercise capacity, endurance time, arterial stiffness and HRQOL in the control group, similar to the continued deterioration seen over time in dialysis patients was observed [20] . When the natural course of disease and sedentary aging is a decline in physical function, even maintenance of function may be considered a positive outcome. An interesting finding in this study was that even approximately 45 min/week of aerobic exercise for one year elicited changes in exercise capacity that may confer substantial cardiovascular and mortality benefits.
The Renal Exercise Demonstration Project [22] , was unique in its large size and its focus on physical performance and health-related quality of life as the primary outcome measures rather than VO2peak. The authors were able to demonstrate that physical performance and health-related quality of life improved with exercise training and declined in those who were not assigned to the exercise interventions; the majority of the reported benefits can be ascribed to aerobic exercise training. Studies of the effects of exercise on VO2peak have provided important information because they showed that patients with kidney disease could respond physiologically to exercise training in a manner that is similar to other patient groups.
Beside to aerobic exercise, it seems likely that resistance exercise training could be of benefit to these patients, and it is surprising that few studies have focused on resistance exercise training or included resistance training as part of the program [25] . Moreover, there are a few papers reporting experiences with exercise rehabilitation program that included aerobic exercise and strengthening exercise. Globally, all these papers show beneficial effect of different kind of exercises [25] .
Is there any risk in exercise promotion in CKD?
The most common risk of exercise participation in the general population is musculoskeletal injury; the most serious risks are those of cardiac origin, ranging from dysrhythmia to ischemia to sudden death. The risk of both types of adverse events is higher with high-intensity exercise than with submaximal exercise. In the general population there is greater risk of adverse cardiac events for those who persist with a sedentary lifestyle than those who gradually increase their regular levels of physical activity. In comparison with risks associated with vigorous activities, risks of sudden cardiac adverse events during light and moderate intensity activities are lower.
Risk assessment and pre-participation screening should be done on an individual basis among patients with CKD as they are likely to be at higher risk of exercise-induced death than the general population but also stand to benefit more from increasing activity. There have been no reported cardiac events in any of the published exercise training studies in hemodialysis patients. Some patients tested exhibited abnormal response to exercise, such as S-T segment depression, hypertensive responses or with a hypotensive response or exhibiting significant ventricular ectopy [13] . All the abnormal exercise responses occurred in patients with known cardiac disease, and 3 also had diabetes. None was associated with adverse outcome. Beyond these studies, the risks associated with exercise in the CKD population have not been studied. Musculoskeletal risk may be increased in patients with CKD as a result of hyperparathyroidism and bone disease. Moreover, a major purpose of medical screening before exercise participation is to determine which patients are at increased risk for cardiovascular events. However, all patients with ESRD or advanced CKD are at increased risk for cardiopulmonary disease.
It is important to underline that in addition to proper medical screening, some diseasespecific considerations may reduce risk. Attention to patients' volume status and BP control is important in this population. Patients with ESRD should have their dry weight assessed frequently to avoid volume overload and may tolerate exercise best either during dialysis or on a day after a dialysis session [25] . Risk will be reduced with appropriate education of the patients about abnormal responses and symptoms and when to reduce intensity of exercise, defer exercise on a given day, stop exercise and contact the physician; prudent recommendations for starting and progressing with the program; and regular assessment of participation and responses to their program. Risk will be increased if patients remain sedentary.
Relevance of physical activity promotion
The many benefits of regular exercise for patients with CKD and ESRD may include improvements in a) physiologic measures (peak oxygen uptake), b) clinical measures (blood pressure, endothelial function, lipid profiles, and reduced inflammatory markers), c) psychological measures (fatigue, general health, anxiety, depression, vitality, and overall QOL), and d) functional measures (muscle strength, 6-minute walk test, gait speed, and sit to stand time) [28] .
Considering the physiologic measures taken in account, a systematic review of 29 clinical trials showed that physical condition was significantly improved following the use of aerobic training [29] ; moreover, intradialytic aerobic exercise leads to a significant increase in aerobic exercise capacity and duration of exercise [30] . After an aerobic exercise programme, muscle strength, power and fatigability in patients with advanced CKD improved significantly, indicating that aerobic exercise exerted effects comparable with those of resistance training. Resistance training also increases strength and functional capacity in patients with advanced CKD.
PA has been shown to improve blood pressure levels, lipid profile and many other cardiovascular risk factors [31] ; it may also improve hemodialysis efficiency and the intradialytic phosphate removal [32] . Significant reduction in blood pressure levels has been reported after an aerobic exercise program with bicycles both in dialysis and in predialysis patients [33] . The reduction in the blood pressure can lead to a significant reduction in the number of prescribed antihypertensive drugs [34] . Among cardiovascular risk factors, inflammation is of paramount interest. Observational data suggests that habitual physical activity levels and fitness are associated with a reduced inflammatory profile and consequently improved survival. A few, small, short-duration intervention studies which increase physical fitness, strength, and activity levels have mixed effects on systemic inflammation in CKD patients; this follows similar results from short-duration studies in the general population although training in other chronic disease cohorts has demonstrated beneficial effects [35] .
But the most important hard point is morbility and mortality. In this setting Roshanravan et al. reported for the first time that physical performance is associated with mortality rates [36] . They evaluated 385 ambulatory patients with stage 2-4 CKD and compared handgrip strength, usual gait speed, timed up and go (TUAG), and 6-minute walking distance with normative values and constructed Cox proportional hazards models and receiver operating characteristic curves to test associations with all-cause mortality. The main result of the study was that gait speed and TUAG more strongly predicted 3-year mortality than kidney function or commonly measured serum biomarkers. So, adding gait speed to a model that included estimated GFR may significantly improve the prediction of 3-year mortality. It is nowadays clear that impaired physical performance of the lower extremities is common in CKD and strongly associates with all-cause mortality [36] . Associations with mortality were similar in magnitude to kidney function and were stronger than traditionally measured biomarkers of CKD. Measurements of lower extremity function are relatively easy to perform and may capture a complex set of skeletal muscle and neurologic impairments that develop in CKD patients and substantially affect their survival. These results underline the complexity of the CKD patient and its similarity to the geriatric setting: it is well documented that physical performance in elderly individuals without CKD is significantly associated with mortality [37] , and many of the same causal factors may be operative in stage 2-4 CKD.
Enrolment of CKD patients in exercise programmes
"All dialysis patients should be counseled and regularly encouraged by nephrology and dialysis staff to increase their level of physical activity (guideline 14.2)" [38] . This relevant statement was clearly reported in the 2005 publication K/DOQI Clinical Practice Guidelines for Cardiovascular Disease in Dialysis Patients; some document also stated that "evaluation of physical functioning and re-evaluation of the physical activity program should be done at least every six months (guideline 14.3b)" [38] . Moreover. the recently published UK National Institute for Health and Clinical Excellence (NICE) guidelines for early identification and management of CKD in adults in primary and secondary care include a recommendation to 'encourage people with CKD to take exercise' [39] . Although these guidelines are clearly derived on evidence for the general population and for those at high risk for cardiovascular disease [40] , the common nephrological practice worldwide do not address these issues.
For example, Johansen [41] suggested that the recommendations for older adults (65 years and above) and adults aged 50-64 years with clinically significant chronic conditions and/or functional limitations, published in 2007 by the American College of Sports Medicine and the American Heart Association [42] , can be applied to patients with advanced CKD. In practice this means that patients for whom exercise is not contraindicated should be instructed to start a routine of PA that is appropriate to their individual level of fitness, and safe for their clinical condition.
The training regimen should include aerobic, resistance and flexibility activities. The exercise prescriptions for HD and peritoneal dialysis patients need to be tailored individually [43] . Three basic methods of exercise programme delivery have been applied in patients with advanced CKD: (a) a supervised outpatient program in a rehabilitation centre, (b) a home exercise rehabilitation programme, and (c) exercise during the HD session (intradialytic) [44] .
In terms of ensuring the prescribed intensity and duration of exercise, the supervised outpatient programme is the most effective, but it is associated with the highest dropout rates [45] . For intradialytic exercise, it is safer to train during the first 2 h of the HD session because, after 2 h of dialysis, shifting of fluid from the microvasculature to the interstitium during exercise can cause a rapid reduction in relative blood volume with accompanying cardiovascular decompensation which may preclude further exercise.
